transplantation passages. The volume doubling time decreased from about 30 days in the primary tumour and first two transplants to 1-7 days in the tenth transplant. This acceleration was accompanied by a considerable shortening of the mitotic cycle and of its S and G, phases but without change in the proportion of time spent in S. There was also a reduction in the apparent extent of cell loss and a considerable increase in the growth fraction. Histological changes were noted and studies by feulgen densitometry indicated a considerable shift in ploidy from hyperdiploid to hypertetraploid. The results constitute a detailed example of the effect on tumour growth kinetics of serial transplantation.
IT is usually recognized that there are many pitfalls in the extrapolation to man of results obtained on tumours in laboratory animals, especially tumours that have been transplanted. Transplantation produces a new tumour growing in a new site and both the site and the tumour cells may differ in important respects from the autochthonous situation (Heiman, 1934) . Nevertheless, for reasons of practical convenience, studies of cell population kinetics in neoplastic tissues have largely concentrated on frequently-passaged transplanted tumours (see reviews by Steel, 1970, and by Denekamp, 1970) and a number of authors have attempted to draw conclusions about tumour response to therapy from investigations on tumours that had been passaged many hundreds of times. Such deductions demand a knowledge (or (Steel et al., 1966) .
During the next two passages there was a considerable acceleration of growth, the transplants grew in all recipients and growth was much more uniform than in the second transplant. In the fourth passage a labelled mitoses experiment was performed on 4 tumours using repeated biopsy.
A larger experiment was again performed in the tenth transplant in which the animals were killed in order to take tumour specimens for the thymidine studies.
Studie,3 of Tumour Growth The tumours in all cases were transplanted subcutaneously into the flank of 6-8 week old syngeneic recipients using a trocar; the acceptance of skin grafts by this strain has been checked within the last 2 years. of growth of a serially transplanted rat tumour (Steel et al., 1966) where the upward concavity of the growth curves was attributed to the natural selection during the growth of a transplant of cells with the highest potentiality for growth. This conclusion is to some extent supported by the fact that in the data shown in Fig. 1 the initial growth rate of the third transplant is similar to the final growth rate of the second and the initial growth rate of the fourth is similar to the final growth rate of the third.
Estimates of volume doubling time are given in Table I The analysis of the labelled mitoses data was made using the optimizing computer program described by Steel and Hanes (1971) and the results are shown as full lines in Fig. 2 (see Table I for the corresponding cell cycle parameters). For the second transplant the second peak of the labelled mitoses curve is poorly defined and values for Gi and the whole cycle are therefore imprecise. In view of the small number of experimental points in each ciirve the values for the standard deviations of the residence times are also imprecise: they are given here merely because these are the parameters that define the shapes of the theoretical curves. Inspection of the three labelled mitoses curves suggests that within the precision of the experimental data the theoretical curves give a satisfactory fit; the chosen model is therefore appropriate (though iiot unique) for the analyses. Values for growth fraction and cell loss factor (Steel, 1968) were calculated by the supplementary computer program described by Steel and Hanes (1971) . This calculates the form of the age distributions of cells in Gl, S, G2and the whole cell cycle and finds the labelling index of proliferating cells by integration. It also calculates theoretical continuous labelling curves on the basis of the forms of the model described above. These are shown in Fig. 3 together with Steel, Adams, Hodgett and Janik.
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The conclusion to b-e drawn from the repeated thymidine labelling data (Fig. 3) is that in the second transplant they are consistent with all 3 forms of the model that we have used; in the tenth transplant the data are inconsistent with SAB I (loss of long-lived nonproliferating cells) and best support the conclusion that the loss was mainly of proliferating cells.
E86mation of Cellular DNA Content8 The deoxyribonucleic acid (DNA) content of cells from the primary and subsequent transplant generations of the tumour was estimated by Feulgen microspectrophotometry. Tumours were excised immediately after death, fixed in neutral 10% formol-saline and processed by the paraffin method. Sections were cut at 10-12 lim in order to include whole nuclei (Erdnkb, 1955) and stained by the Feulgen reaction after cold hydrolysis in 5NHCI. The content of DNA per cell was estimated from the density of the Feulgen staining, measured by a Barr and Stroud integrating microdensitometer (Type GN2) at a wavelength of 550 mg. The slides were all stained in the same reagents at the same time in order to reduce interslide variations. Lymphocytes and myelocytes within the tumour were also measured to establish the basic diploid value; between different slides and different tumours the estimates of cliploid value ranged from 6-4 to 6-7 arbitrary units and the mean of 6-5 was taken as the actual diploid value.
Measurements of DNA content do not directly indicate the chromosome ploidy distribution in proliferating cell systems but the changes seen in successive transplants of the present tumour are large enough to establish a gradual shift in chromosome number from hyperdiploid to hypertetraploid. The primary tumour (Fig 4) had a clear mode in the 3N (triploid) region and content varied from 2N to 4N amounts of DNA. In the second transplant the distribution was similar but with a slight increase in the average DNA content. In the fourth transplant there was a marked change, with a mode in the 4N (tetraploid) region and a range of DNA content up to above 8N (octaploid). In the tenth transplant this trend was continued; on the size of sample that it was possible to take there was no clear mode but a range of DNA content from 4N to above 16N.
Other histological changes were also noted. The cell density (nuclei per unit area of section) and mean nuclear diameter both increased, particularly between the second and fourth transplants (Fig. 5) (Fig. 4) showed similar variations, with little change between the primary and second transplant but a much greater trend towards polyploidy by the fourth transplant generation. These changes might be linked to the operation of an immunological selection process (Janik, 197 1) whose existence is su-a-aested by the initially high proportion of mast cells. Similar changes in ploidy were observed by Dux et al. (1967) in studies of Ehrlich ascites tumour transplanted into rats.
The timing of the mitotic cycle was investigated in the second, fourth and tenth transplants. The results (Table 1) showed that the G2period did not change but that there was a progressive shortening of the S and G periods. These phases changed to the same extent: thus the ratios of the mean S phase duration to the mean cycle time in the three transplants were 0-41, 0-46 and 0-43. The level to which a labelled mitoses curve damps out should theoretically also give this ratio, and in fact these levels were statistically indistinguishable. This result is reminiscent of the observation of Steel (1970) , that published labelled mitoses curves for primary C3H mammary tumours (Mendelsohn, 1965) and for the first generation transplants of these tumours (Denekamp, 1970) differ only in time-scale.
The thymidine labelling index increased between the primary tumour and the tenth transplant in inverse proportion to the decrease in volume doubling time. Estimates of cell loss factor (Steel, 1968) could only be made on the transplants; such estimates are always very approximate (Owen and Steel, 1969) and it can only be concluded that beyond the second transplant there was a reduction in cell loss factor from about 70% to about 40%. Estimates of growth fraction are usually similarly imprecise because of the uncertainty of our knowledge of the labelling index of proliferating cells. This index is close to the ratio of the mean S period to the mean duration of the intermitotic period which, as mentioned above, seems rather constant between the three transplant generations. The increase in the calculated values for growth fraction from 13% in the second to about 70% in the tenth transplant should therefore be reliable.
At the present time the relationship between the kinetics of cell proliferation in a tumour and its response to radiotherapy or chemotheiapy is not clear.
Probably the main factor which prevents this relationship from being understood is the likelihood that the cells that have the capacity to regrow a tumour after treatment form only a small proportion of the whole cell population of the tumour (Mendelsohn, 1967; Bush, 1970 
